During the period 2004-2006, grain ) and medium variation of grain yield ). 'Tocada', 'Sebastian', requirements must be not less than 90.0%. The weather conditions (humidity and temperature) over the grain filling period affect the output (Paynter and Young, 2004; Passarella et al., 2005) . Grain protein content is important in the brewing process as it affects beer quality, and hence this parameter is on the list of breeders considerations. A higher protein content reduces malt extract and also final beer quality (Leach, 2002) . In contrast, lower grain protein content correlates with good malt quality (Eagles et al., 1995; MolinaCano et al., 1997; Zhang et al., 2006) . A strong correlation exists between grain protein content and extract content, and regression equations have been developed to perform evaluation of malt extractivity (Ivoilov, 2003) . Spring barley varieties and breeding lines differ according to their reaction to growing conditions, and therefore, yield and grain quality traits vary over a wide range (Costa and Bollero, 2001; Maðauskienë et al., 2001) . In Lithuania air temperature significantly varies among years for summer months starting from the seventh decade, and every second or third summer is much colder or much hotter than the long-term mean (Bukantis, 2001) . The weather conditions during the growing period are among the main factors of affecting malting barley yield and especially grain and malt quality (Passarella et al., 2005) . Mathematical models used for analysis of varietal grain yield stability (Tarakanovas, 2004) allow us to estimate genotype and environment interactions and to select the most valuable varieties and breeding lines.
INTRODUCTION
Barley is a major crop in the world used for food, feed and malt. About 10% of the worldwide obtainable barley harvest is used for malt production in the brewing industry (Tamm and Tamm, 2002) . However, only 10-12 million ha are suitable for malting barley growing. In Lithuania barley has been cultivated since ancient times. The sufficiently humid (annual precipitation rate from 450 to 650 mm) climate and warm summers enable barley to perform well. Barley is one of the most common crops in Lithuania. In 2006, its cultivation area covered 376.8 thousand hectares and accounted for 62.3% of the total spring cereal area (Anonymous, 2006) .
The development of the malting and brewing industry in Europe and today's modernisation increased the interest in malting barley quality improvement. The variability of genetic resources, which are the initial material for breeding programmes, needs to be evaluated before the resource is utilised in breeding. Agromorphological traits are commonly used for this purpose. However, they are influenced by environmental factors and growing conditions, and therefore, are of limited use for assessing the levels of variability. The genotypic features of a variety and climatic conditions over the growing period are key factors influencing grain yield and quality (Tamm, 2003; Paynter and Young, 2004; Lazauskas et al., 2005) . The first step for success in the malting barley growing systems is choice of an appropriate variety. The barley grain for malting purposes must meet specific requirements. Therefore, the evaluation of genetic diversity of initial material and matching of individuals with suitable traits for the malting barley breeding programmes are of primary importance. This objective is not easily achieved, as high yield and grain quality parameters need to be combined. This has been shown in countries with malting barley growing traditions and with lengthy agrarian science experience (Bail and Meynard, 2003) .
Coarse grain output (grain on 2.5 × 20 mm sieve) is specific to malting barley, which according to the present brewing requirements must be not less than 90.0%. The weather conditions (humidity and temperature) over the grain filling period affect the output (Paynter and Young, 2004; Passarella et al., 2005) . Grain protein content is important in the brewing process as it affects beer quality, and hence this parameter is on the list of breeders considerations. A higher protein content reduces malt extract and also final beer quality (Leach, 2002) . In contrast, lower grain protein content correlates with good malt quality (Eagles et al., 1995; MolinaCano et al., 1997; Zhang et al., 2006) . A strong correlation exists between grain protein content and extract content, and regression equations have been developed to perform evaluation of malt extractivity (Ivoilov, 2003) . Spring barley varieties and breeding lines differ according to their reaction to growing conditions, and therefore, yield and grain quality traits vary over a wide range (Costa and Bollero, 2001; Maðauskienë et al., 2001) . In Lithuania air temperature significantly varies among years for summer months starting from the seventh decade, and every second or third summer is much colder or much hotter than the long-term mean (Bukantis, 2001) . The weather conditions during the growing period are among the main factors of affecting malting barley yield and especially grain and malt quality (Passarella et al., 2005) . Mathematical models used for analysis of varietal grain yield stability (Tarakanovas, 2004) allow us to estimate genotype and environment interactions and to select the most valuable varieties and breeding lines.
The objectives of this study were to assess grain, coarse grain and extract yield and stability of these parameters in spring barley genetic resources and to select the most promising lines for malting barley breeding programmes.
MATERIALS AND METHODS
Grain yield stability and malt quality characteristics of 47 spring barley varieties from Germany, Denmark, Sweden, Great Britain, France, Netherlands, and Lithuania, and 55 LIA promising breeding lines from the collection of spring barley genetic resources were investigated at the Lithuanian Institute of Agriculture during [2004] [2005] [2006] . All investigated varieties were of two row type. The spring barley varieties and breeding lines were grown on the 20 m 2 plots with a standard level of fertilization N 90 P 60 K 60 (P and K oxides). Experiments were carried out using a randomised block design with four replications. The soil of the experimental site was a Endocalcari-Epihypogleyic Cambisol (CMg-p-w-can) light loam. Legumes were the preceding crop. A German malting spring barley variety 'Barke' was used as a control variety.
The period 2004-2006 was rather favourable for spring barley versatile evaluation because of variable weather conditions (2004 -wet, 2005 -dry, 2006 -hot and dry) . For better evaluation of humidity and temperature regime during the growing season, the hydrothermal coefficient (HTC) was calculated using the scale recommended by Czech scientists and used in Lithuania: HTC ≤ 1.0 dry; HTC = 1.0-1.3 -medium dry; HTC = 1.3-1.6 -optimal moisture; HTC ≥ 1.6 wet (Lazauskas et al., 2005) (Table 1 ).
In the trials we evaluated grain yield (t·ha -1 ), 1,000 kernel weight (TKW) (g), hectolitre weight (HLW) (g·l -1 ). Malt extract content (%), protein content (%), starch content (%), and grain grading > 2.5 mm (%) were determined in grain. Protein content was measured by the Kjeldahl method, starch content by hydrochloric acid dissolution. Malt extract content was determined on the basis of EBC (Analytica-EBC, 1987) . Output of coarse (> 2.5 mm) grain and extract yield per hectare were calculated.
The level of statistical significance of data was calculated by the analysis of variance using the software ANOVA (Tarakanovas, Raudonius, 2003) . The mean value X, standard error of the mean S X and the least significant difference LSD 05 were introduced. Stability of traits was evaluated by the computer programme STABLE (Kang, Magari, 1995; Kang, 2003) adapted at LIA by P. Tarakanovas (2004) . The scores scales used are as follows:
Scores for evaluation by productivity:
where X i mean yield of i variety, X -mean yield of trial, LSD 05 -the least significant difference.
Scores for evaluation by stability: (Shukla, 1972) , F teor -Fisher's teoretical test for levels of reliability.
Integral evaluation of varieties and breeding lines was based on rank evaluation of sum of scores for grain yield and stability. Varieties with the highest sum of scores were considered as the best. 
RESULTS
Significant differences in grain yield, grain > 2.5 mm yield and extract yield were found for the experimental year, variety genotype and breeding line (Table 2 ). An effect of variety and year interaction was also observed. Therefore, significant differences (P < 0.01) among varieties provided a solid basis to continue analysis for selection of the best breeding material.
For the varieties usually the highest grain yield was harvested in 2004 (5.11 t·ha 1 ) and the lowest in 2006 (4.02 t·ha -1 ) (Table 3 ). In 2004, the most favourable for spring barley, the grain yield of the standard variety 'Barke' was high and there were no varieties that surpassed it. In 2005, 58.8% of the tested varieties and in 2006, 40.2% produced higher grain yield than the standard variety. The examined spring barley breeding lines were characterised by higher grain, grain > 2.5 mm and extract yields compared to varieties. The varieties and breeding lines were characterised by high variation of grain > 2.5 mm yield (CV 11.5-34.3%) and moderate variation for grain yield (CV 4.39-13.33%).
The compatibility of high yield and grain yield stability performance is an informative characteristics for the selection of the best crop varieties and breeding lines. The STABLE programme was used to assess (Table 4) 
DISCUSSION
The widely different climatic conditions in the three experimental seasons effected barley productivity and quality resulting in CV from 10.52 to 13.33% for varieties grain yield. Grain yield variation of spring malting barley in Estonian conditions was moderate -in separate years (CV 12-16%) (Tamm, 2003) . The CV for grain yield in Lithuania was slightly lower than that in Estonia. In our experiment the weather according to HTC in 2004 April-June was moderately dry, but at the grain filling period in July-August moisture was optimal. Therefore, the total yield was high. Grain embryo formation stage begins immediately after tillering stage, while grain filling continues from its set till maturity. The optimal moisture conditions during the grain setting-filling period secure good yield. Drought stress after flowering increases dry matter amount in grain, while shortening of grain filling period negatively affects grain yield and quality (Samarah, 2005 (Triboi and TriboiBlondel, 2002) . Thus, in 2006 dry and warm weather significantly affected grain size, which resulted in a low grain > 2.5 mm yield and high variation among breeding lines. However, these poor conditions allowed for breeders to evaluate the properties of breeding lines. The variation of grain > 2.5 mm yield was higher than that of grain yield and extract yield and consequently is a more important parameter in the evaluation of ability of varieties and breeding lines to realize their genetic potential in various growing conditions. In Lithuanian agroclimatic conditions (with the hydrothermal coefficient during the grain setting-filling period ranging from 0.6 to 1.6) the variation of spring barley varieties and breeding line grain yield, grain > 2.5 mm yield and extract yield is determined by the weather conditions (P < 0.01), which has greater impact than that of genotype. Our demonstrated environmental effect on the grain quality of spring barley is in good agreement with that obtained in Latvia (Bleidere et al., 2008) .
Integral evaluation of varieties and breeding lines based on rank evaluation sum by grain yield and stability was introduced in the breeding programme (Kang, 2003) . This or analogous programmes are successfully used for the selection of promising breeding material of grasses and cereals (Tarakanovas, 2004; Gomez-Becera et al., 2006) . Although the control malting variety 'Barke' was equal by the yield data to 'Scarlett', it exhibited lower yield stability characteristics. In the trials of other researchers, in contrasting weather conditions both varieties ('Scarlett' and 'Barke') showed similar results. The variety 'Scarlett' is characterised by a higher grain yield (Lazauskas et al., 2005) . This variety was characterised as having higher grain yield among the spring barley varieties also in Estonia (Tamm, 2003) . High integral assessment value was observed for the lines 7967-2 (20+), 7661-1 (15+), 7939-1 (12+), and 8080-4 (11+). The poorest assessment was for the old Lithuanian variety 'Auksiniai 3'. Despite this, the grain of this variety has good malting characteristics and can be included in breeding programmes.
Grain grading is an important parameter both for food and for malt barley. A grain grading (> 2.5 mm) percentage over 90% required longer duration of the grain filling period (Schelling et al., 2003) . Weather conditions had the strongest influence on the length of grain filling period. Lack of moisture over this period does not allow varieties completely to realise their genetic features and causes lower variability in grain grading percentage. According to grain > 2.5 mm yield of spring barley varieties and breeding lines, the highest integral assessment was obtained for varieties 'Tocada' (17+), 'Sebastian' (16+), 'Scarlett' (12+)‚ 'Barke' (11+), 'Aura DS' (10+) and breeding line 8163-1 (9+).
Integral assessment of extract yield of breeding lines confirms that some lines are distinguished by this parameter.
High integral assessment value was found for varieties 'Tocada' (21+), 'Sebastian' (11+), 'Scarlett' (7+)‚ 'Barke' (8+) and lines: 7967-2 (20+); 7939-1 (14+); 8080-4 (10+), 7661-1 (9+). These lines combine high extract yield with low variance of stability (δ 2 ) (0.004-0.031) and are distinguished by high extract content. The breeding line 7967-2 was given as especially high integral assessment value for grain and extract yield (20+), but by grain grading > 2.5 mm the integral assessment was low (-9). On the basis of the sum of integral assessments the final value of the breeding lines tested was determined. The highest sum of assessment of grain yield, grain grading and extract yield were obtained by the varieties 'Tocada' (59+), 'Sebastian' (30+), 'Scarlett' (26+) and lines 7939-1 (33+), 7661-1 (30+), and 8080-4 (28+). The variety 'Tocada' and breeding lines 7967-2 and 8080-4 are characterised by high grain yield (4.9-5.2 t ha -1 ) and significantly out-yielded the standard variety 'Barke'. The spring barley varieties 'Auksiniai 3' and 'Aidas' received a poor assessment. The variety 'Ûla' was distinguished by a high TKW and grain grading, however, the sum of assessments of grain yield, grain grading and extract yield was negative (-8). 'Aidas' and 'Ûla' were selected for the feeding purposes, whereas 'Auksiniai 3' is an old and not high-yielding variety, which can explain the above results. The breeding lines that showed high grain stability and were distinguished by high grain quality and other agronomic traits were involved in further breeding programmes. The evaluation by the programme STABLE gave the highest sum of assessments for grain yield, grain grading and extract yield for the varieties 'Tocada', 'Sebastian', 'Scarlett' and breeding lines 7939-1, 7661-1, 8080-4. These varieties and breeding lines are distinguished by low protein and high starch and extract content in grain.
